An unified approach for vector meson photoproduction is presented in the constituent quark model. The s-and u-channel resonance contributions are generated using an effective quark vector-meson Lagrangian. In addition, taking into account π 0 and σ t-channel exchanges for diffractive production, the available total and differential cross section data for ω, ρ 0 , ρ + , and ρ − photoproduction can be well described with the same quark model parameter set. Our results clearly indicate that polarization observables are essential to identify so-called "missing" resonances.
One of the main goals of the vector meson photoproduction experiments is to search for so-called "missing" resonances, which have been predicted by theory but have not been established experimentally [1, 8] . One possible explanation for this long-standing puzzle is that these states couple weakly to the πN channel, which has provided most information for N * states until now, but decay strongly into channels like ρN and ωN. Encouraged by recent successful descriptions of pseudoscalar meson photoproduction [2] we propose the parallel approach to vector meson photoproduction starting with the effective Lagrangian L ef f = −ψγ µ p µ ψ +ψγ µ e q A µ ψ +ψ aγ µ + ibσ µν q ν 2m q φ µ m ψ + . . .
where e q (m q ) denote the quark charge (mass), A µ the photon field, and where the quark field ψ couples directly to the vector meson field
with momentum q ν . The coupling constants a and b in Eq. 1 allow for the two possible couplings of the quarks to the vector mesons; they are free parameters to be determined by the data. Unlike the large mass difference between the π and η in the peudoscalar case, the ω and ρ states have nearly equal masses, thus isospin violations for the ω and ρ are relatively small. This encourages us to pursue an unified description of both ω and ρ photoproduction with a single set of parameters, where the vector mesons couple directly to the quarks inside the baryon.
We briefly outline our quark model approach to vector meson photoproduction below; a detailed derivation of the formalism is given in Ref. [3] . Based on the effective Lagrangian in Eq. 1; at tree-level there are s-, u-and t-channel contributions, thus the matrix element for the meson photoproductions can be written as
The derivation of the s-and u-channel contributions uses methods similar to previous calculations of pseudoscalar meson photoproduction [2] . We sep- [6] [7] [8] [9] in terms of helicity and the meson decay amplitudes. These transition amplitudes for s-channel resonances below 2 GeV have been translated into the standard helicity amplitudes [10] amplitudes in Ref. [3] in the harmonic oscillator basis. The framework of vector meson photoproduction in terms of the helicity amplitudes has been thoroughly investigated [10] , and the various observables can be easily evaluated in terms of these amplitudes. The resonances above 2 GeV are treated as degenerate, since little experimental information is available on those states. Qualitatively, we find that the resonances with higher partial waves have the largest contributions as the energy increases. Thus, we write the total contribution from all states belonging to the same harmonic oscillator shell in a compact form, using the mass and to-tal width of the high spin states, such as G 17 (2190) for the n = 3 harmonic oscillator shell.
The u-channel contributions M u in Eq. 1 include the nucleon, the ∆ resonance for ρ production, whose transition amplitudes are treated separately, and all other excited states. The excited states are treated as degenerate in this framework, allowing their total contribution to be written in compact form.
This is a good approximation since contributions from u-channels resonances
are not sensitive to their precise mass positions.
The t-channel exchange, M t , is proportional to the charge of the outgoing mesons and is needed to ensure gauge invariance of the total transition amplitude. In addition to the t-channel exchanges from the effective Lagrangian in Eq. 1, additional t-channel exchanges are required for ω and ρ 0 prodcution in order to account for the large diffractive behavior in the small scattering angle region. Using reasonable coupling constants Friman and Soyeur proposed [4] that such additional t-channel exchanges can be described using π 0 exchange in the case of ω photoproduction and dominantly σ exchange in ρ 0 photoproduction. Thus, we have also included the π 0 and σ exchanges for ω and ρ 0 production, respectively, but employed a form factor at the corresponding vertices that is given by the harmonic oscillator quark model wavefunction. This leads to two additional parameters, α π 0 and α σ , associated with the harmonic oscillator strength for the π 0 and σ contributions. A detailed derivation of the π 0 exchange is given in Ref. [5] .
We assume that the relative strengths and phases of each s-, u-and t- 
The coupling constants for the π 0 and σ exchanges are taken from Ref. [4] .
This leaves only the coupling constants a and b, and the parameters α π and α σ to be determined by the data.
In Fig. 1 , we compare total cross section data for γp → ωp and the three channels in γN → ρN with our calculations. We did not perform a systematic fitting procedure due to the poor quality of the data. Our study suggests that a = −1.7 are in good agreement with the few available data, even though the poor quality of the data limit any conclusions that can be drawn. Note that the cross section for charged ρ production is smaller by about a factor of three compared to ρ 0 production. Once the t-channel terms are added as described above we also obtain a good description of the more numerous ω and ρ 0 production data.
The results for the differential cross sections for ω and ρ production are shown in Fig. 2 . We find that the overall agreement with the available data for the differential cross sections is quite good as well. As expected, the π 0 and σ exchanges are responsible for the small-angle diffractive behavior, while the sand u-channel resonances dominate the large momentum transfer region. We point out that ρ − and ρ + production also shows some the diffractive behavior, although the size of the effect is smaller compared to ω and ρ 0 production. This behavior can be explained by t-channel ρ − or ρ + exhanges, which are naturally generated by the effective Lagrangian in Eq. 1. The data in the reaction γn → ρ − p are in very good agreement with the quark model predictions,
indicating that the quark model wave functions appear to provide the correct relative strengths and phases among the terms in the s-, u-and t-channels.
While the shapes and magnitudes of the differential cross sections are well reproduced within our approach we find little sensitivity to individual resonances. For example, in the energy region of E γ ∼ 1.7GeV, removing the We do not expect the quark model in the SU(6) ⊗O ( (deg)
